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Antidepressants
Anti-anxiety, smoking-cessation drugs
Venlafaxine 
Effexor™
Citalopram 
Celexa™
Bupropion 
Wellbutrin™
Fluoxetine 
Prozac™
Sertraline 
Zoloft™
fry survival, length, weight
survival, % hatch Fathead minnow 
lifecycle exposure –
sampling times and endpoints
30 & 60 days 
post-hatch survival, length, weight, 
abnormalities
juveniles
130+ days post-hatch
2o sex characteristics
length, weight, liver 
weight, gonad weight
adult fathead minnows
egg production, fertilization, % hatch
eggs
30 eggs per rep
15-12 juveniles per rep
8 adults (3 M and 5 F) per rep
20 larvae per rep
8 replicate aquaria for 
controls  + 
4 reps for AntiD Mix concn
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1 x AntiD Mix
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2,400 240 90         20 90 ng/L
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10 x AntiD Mix
2,300 160 110         7 n/d ng/L
2,400 240 90         20 90 ng/L
33,000      2,900   1000      210 100 ng/L
Continuous flow through fish exposure system:
Antidepressant mixture solutions combine with lab water, 
flow through aquaria, 3 tank volume solution changes per day
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Day post-hatch
controls
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No effects of antidepressant mixtures on survival over time
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Adults - No adverse effects of AntiD Mixtures on fish growth
Males Females
Eggs under 
tile “nest”
Breeding in Fathead Minnows
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AntiD Mix Treatment 
p=0.191
Egg production (per Female per replicate tank) is variable
Behaviour 
of Males
Hold a ‘dummy’ intruder fish-on-a-stick 
near each male in nest for 1 minute
• Time to contact (seconds)
• Number of contacts in 1 minute
• separate males with eggs in nest vs
males with empty nests
Examine nest defense behaviour of adult males
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Behaviour assessed in control males
p=0.014
p=0.031 p=0.011
* *
*
(= < 10 sec) 
Control males protect more aggressively if 
nest contains eggs
0
10
20
30
40
50
60
70
80
90
100
1 4 8 9 16 21 23 26 7 12 20 28 6 13 17 27
%
 M
al
e
s 
w
it
h
 c
o
n
ta
ct
Empty nest
0
10
20
30
40
50
60
70
80
90
100
1 4 8 9 16 21 23 26 7 12 20 28 6 13 17 27
Nest with eggs
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No effects of antidepressant mixtures 
on male fathead minnow nest-defense
02
4
6
8
10
12
Water Control 1x AntiD Mix 10x AntiD Mix
M
e
an
 F
1
 f
ry
 d
ef
o
rm
e
d
 p
e
r 
ta
n
k 
(%
, ±
s.
d
.)
Treatment that parent fish were exposed to 
Deformed fry (mean % per tank)
# Fry deformed of # hatched per tank
**p=0.008 p=0.015
Fewer deformities in newly-hatched fry from 10 x AntiD 
Mix-exposed parents
Eggs from parents exposed to 10 x AntiD Mix
• hatched faster (5 d vs 5.5 d, p=0.011)
• larval fish were shorter at 8 dph (5.6 mm vs 6.0 mm), 
but not at 16 dph (7.6 mm vs 8.7 mm)
10 x AntiD Mix caused transient decreases in growth of 
offspring from exposed parents
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*
p=0.003
p=0.057
• Lifecycle exposure of fathead minnows to 
mixture of 5 antidepressants
• Exposure concentrations were 1x and 10x those 
in municipal wastewater effluents
• Environmentally-relevant concentrations of 
antidepressant mixtures did not affect fish 
survival, growth, or maturation
• Environmentally-relevant concentrations of 
antidepressant mixtures caused no significant 
changes in reproduction or F1 hatching success 
Conclusions
Individual PPCPs tested in fathead minnow 
lifecycle studies
• EE2 (0.35 to 30 ng/L)
• Indomethacin (9 - 370 ng/L – MWWE 230)
• Propranolol (0.9 - 8,700 ng/L – MWWE 2,000)
• Venlafaxine (1,000 - 75,000 ng/L – MWWE 1,000)
salicylic acid
ibuprofen
acetaminophen
gemfibrozil
naproxen
triclosandiclofenac
Mixture of 7 PPCPs at concns of 10 - 1,000 ng/L
Mixture of 5 antidepressants at concns 1x & 10x MWWE
1x (ng/L) = venlafaxine 2,300, citalopram 160, fluoxetine 110, 
sertraline 7,  and bupropion n/d. 
Effects at environmentally-
relevant concentrations
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Citalopram
Fluoxetine
Bupropion
Venlafaxine
Sertraline
SSRI
SSRISSNRI
SSDNRI
SSRI
inhibit reuptake of serotonin, dopamine and 
norepinephrine (noradrenalin)
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Eggs from parents exposed to 10 x AntiD Mix
• hatched faster (5 d vs 5.5 d, p=0.011)
• larval fish were shorter at 8 dph (5.6 mm vs 6.0 mm), 
but not at 16 dph (7.6 mm vs 8.7 mm)
10 x AntiD Mix caused transient decreases in growth of 
offspring from exposed parents
p=0.003* p=0.057
8 days post-hatch 16 days post-hatch
The Most Prescribed Medications by Class in 2010
Lipid Regulators 
More than 255.4 million prescriptions for statins /other lipid-lowering drugs. 
Antidepressants 
Antidepressants are one of the fastest growing classes of 
prescribed drugs. In 2010, more than 253.6 million 
prescriptions. 
Narcotic Analgesics 244,300 million prescriptions
Beta-Blockers 191.5 million prescriptions
ACE Inhibitors 168.7 million prescriptions 
Antidiabetes drugs 165million prescriptions
https://www.thebalance.com/the-most-prescribed-medications-by-drug-class-2663215
Pre-synaptic vesicle 
with serotonin
serotonin re-uptake
SSRIs block serotonin 
re-uptake
More serotonin in synapse 
Receptor
Neurotransmitter 
Serotonin
Selective Serotonin Re-uptake Inhibitors (SSRIs)
36 µg/L
400 µg/L
265 µg/L
Mean Venlafaxine in effluent = 0.2 – 2.7 µg/L
Pre-trained hybrid striped bass 
exposed to venlafaxine for 6 days 
take longer to capture prey
Bisesi et al, 2014. Effects of the antidepressant venlafaxine on fish 
brain serotonin and predation behavior. Aquat Tox 148:130-138

